Introduction
Naturally occurring surface-active molecules derived from microorganisms are known as biosurfactants. Biosurfactants are produced by microbes on cell surfaces or released extracellularly into the surrounding medium [10] . They are amphiphilic in nature. The hydrophobic and hydrophilic moieties of the biosurfactant confer them the ability to accumulate between fluid phases, thereby reducing surface and interfacial tension [24] . A number of bacteria like Acinetobacter, Arthrobacter, Pseudomonas, Halomonas, Myroides, Bacillus, Alteromonas [35] , Azotobacter, Rhodococcus, Lactobacillus, and Corynebacteria [18] ; fungi like Aspergillus ustus [12] , Penicillium [29] , and Cyanobacteria [13] ; yeast like Candida lipolytica, Candida bombicola [29] , and Pichia anomala [40] , and actinomycetes like Nocardia erythropolis [29] are known to produce biosurfactants.
In recent years, the biosynthesis of surfactant using microorganisms has gained much attention compared with chemical surfactants owing to its biodegradability, low toxicity, ecological acceptability, the use of renewable and cheaper substrates [19] , effectiveness at wide range of temperature and pH [18] , stability at high salinity [11] , and wide range of applications in various fields. These surfaceactive compounds are classified into low-molecular-weight compounds like peptides, lipopeptides, glycolipids (rhamnolipids, sorpholipids, trehalolipids), glycopeptides, fatty acids, and phospholipids [4, 10] , and high-molecular-weight compounds like polyanionic heteropolysaccharides containing both polysaccharides and proteins, lipoproteins, and whole cells [13] . Biosurfactants find applications in enhanced oil recovery, environmental bioremediation, food processing (emulsifying/foaming agents, stabilizers, antioxidant agents, and anti-adhesives), cosmetics and pharmaceuticals (biocontrol, anti-biofilm, and antimicrobial agents) [4, 29] , paper and pulp industry, ceramics, textiles, and metal recovery [43] . Although these biosurfactants have several attractive applications, it could not compete with currently available chemical counterparts owing to its high production cost and low productivity, thereby restricting the use of these molecules commercially. This issue could be overcome by use of a higher yielding strain, process with low capital and operating cost, optimizing process parameters and media with use of cheap substrates for production, controlled systems, and culturing strategies with minimal or manageable by-products [19] .
In this work, biosurfactant production was carried out using an air isolate and characteristics of the extracted biosurfactant were studied. Attempts were also made to enhance the production of the biosurfactant from the characterized isolate Pseudomonas aeruginosa NITT6L, using optimization methods. For clear illustration, the paper is written with sections on Materials and Methods, optimization of media using statistical design of experiments, and Results.
Materials and Methods

Isolation of Biosurfactant-Producing Bacteria
The bacterial strains were isolated from different sources like distillery effluent, dairy effluent, and air, using the serial dilution technique in nutrient agar. From the nutrient agar, several bacterial strains were selected based on different colony morphology. The purification procedure of each bacterial isolate under investigation was carried out by the agar quadrant streak plate method. Slants of each pure culture were prepared and preserved at 4 o C for testing the biosurfactant activity.
Screening of Biosurfactant Producer
Nutrient broth was used for preparation of the seed culture. To isolate the strains, which are capable of producing biosurfactant, overnight seed culture of each distinct isolate was grown on medium containing (g/l) sucrose -20, yeast extract -2.5, KH 2 PO 4 -2, K 2 HPO 4 -5, and NaCl -0.1, and incubated at 37 o C, 150 rpm in an orbital shaker with incubator (REMI) for 72 h. Cell-free samples obtained by centrifugation (REMI cooling centrifuge) at 10,000 rpm for 20 min from this culture broth were screened for the biosurfactant production by different methods, as explained below. Among several bacterial strains isolated, a potent biosurfactant producer was identified and maintained on nutrient agar slants at 4 o C.
Biosurfactant Activity Assays
Hemolytic activity. Hemolytic activity assay is a primary method for screening a biosurfactant producer. Hemolytic activity of the pure cultures was tested using nutrient agar plates containing 5% of human blood. Briefly, 100 µl of broth culture was filled into wells made in the plates and incubated at 30 o C for 24-48 h to check for a clear zone around the wells [5] .
Drop Collapsing Test
A modified drop-collapse method was used for qualitative evaluation of biosurfactant production. A Petri plate was coated with diesel and a drop of supernatant was placed at the surface.
The test was also carried out in parafilm M by placing a drop of the culture supernatant on it. The shape of the drop was inspected after 1 min; if the drop remained beaded, the result was scored as negative. If the drop collapsed, the result was scored as positive. Distilled water was used as a control [15, 38] .
Determination of Emulsification Index
For determination of the emulsification index, 2 ml of supernatant and 0.5 ml of palm oil were mixed in a test tube and vortexed for 2 min. The test tubes were maintained at 30 o C and the height of the emulsion layer was measured after 24 h. The emulsification index (E 24 ) was evaluated as [38] Oil Displacement Test
Culture supernatants were tested for displacement of oil, caused when a drop of supernatant was placed on an oil-water surface. First, 50 ml of distilled water was added to a Petri dish (15 cm diameter) followed by addition of 20 µl of diesel to the surface of the water. Then, 10 µl of the culture supernatant was placed on the diesel-oil surface [38] . A clear zone on the oil surface confirmed the presence of a surface active agent in the supernatant.
Determination of Surface Tension
Bacterial strains that were found positive in the oil displacement test, emulsification activity, and drop-collapse test were also evaluated for surface tension by the capillary rise method [41] . For surface tension measurements, 5 ml of broth supernatant was transferred to a glass tube that was submerged in a water bath at a constant temperature (28 o C). Surface tension was calculated by measuring the height reached by the liquid, when freely ascended through a capillary tube. As a control, non-inoculated broth was used and the surface tension was calculated according to the following formula:
where γ = surface tension (mN/m); d = density (g/ml); g = gravity (980 cm/s 2 ); r = capillary radius (0.025 cm); h = height of the liquid column (cm).
Lipase Activity
The lipase activity of NITT6L culture was examined using a primary plate assay with Tween 80 as the substrate [27] . Plates containing 1 g of peptone, 0.5 g of NaCl, 0.01 g of CaCl 2 , 1.5 g of agar, and 1 g of Tween 80 in 100 ml of distilled water was used. The hydrolysis of Tween opacity medium is associated with the lipolytic enzymes produced by the microorganism.
Identification of Biosurfactant Producer
The isolate was named as NITT6L and its identity was found out using morphological, biochemical, 16S rRNA sequencing, and gas chromatography-fatty acid methyl ester (MIDI Sherlock Microbial Identification System (MIS)) analyses.
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Biosurfactant Production and Extraction
Biosurfactant production was carried out using the selected isolate at 37 o C, 150 rpm with 2% inoculum and with initial medium pH of 7.0 for 72 h. At the end of 72 h, the culture broth was centrifuged at 10,000 rpm for 20 min and the supernatant was adjusted to pH 2.0 using 1N HCl. The precipitated biosurfactant was extracted using equal volumes of a chloroform:methanol mixture (2:1) and was stirred for 24 h at 4 o C [6] . Then, the mixture was kept undisturbed for some time to facilitate phase separation. The organic phase was recovered and the crude biosurfactant extract was dried under vacuum at 45 o C.
Characterization of Extracted Biosurfactant
Molisch and rhamnose test. The presence of carbohydrate groups in the extracted biosurfactant was ascertained by a Molisch test [25] . The rhamnose test [9] was carried out to check the presence of rhamnose in the biosurfactant.
CTAB-Methylene Blue Agar Test
In order to determine the ionic nature of the biosurfactant produced, CTAB-methylene blue agar plates were employed, which contained production medium along with 0.2 g/l CTAB, 0.005 g/l MB, and 15 g/l agar. The 72 h culture supernatant was added to wells made in CTAB-methylene blue agar plates and incubated at 30 o C for 48-72 h. Production of extracellular glycolipids or other anionic biosurfactant was examined by the formation of a dark blue halo [16, 26] .
Agar Double-Diffusion Technique
The ionic charge of the biosurfactant was also confirmed using the agar double-diffusion technique. Two regularly spaced rows of wells were made in a petri plate containing low hardness agar (1% agar). Wells of one row were filled with biosurfactant solution and wells of the other row were filled with a pure compound of known ionic charge. Sodium dodecyl sulfate (SDS, 20 mM) was used as the anionic surfactant and 50 mM CTAB as the cationic surfactant. Plates were monitored for a period of 48 h at ambient temperature for appearance of precipitation lines between the wells, which is indicative of the ionic character of the biosurfactant [36] .
FT-IR Studies
FT-IR spectra of the dried crude biosurfactant were recorded on a Shimadzu FT-IR spectrometer. Briefly, 2 mg of crude biosurfactant was milled with 200 mg of KBr to form a very fine powder. This powder was then compressed into a thin pellet and analyzed in the wave number range of 4,000-400 cm -1 [14] .
Stability Studies of Rhamnolipid
Thermal stability of the extracted rhamnolipid (0.4 mg/ml) was studied at different temperatures of 0
o C, and 100 o C. The activity was expressed as emulsification index. pH stability of the extracted rhamnolipid (0.4 mg/ml) was studied using emulsification assay at pH values of 2, 4, 7, 9, and 11.
Effect on Viscosity of Oil and Aqueous Phase Using Crude Biosurfactant
To investigate the effect of crude rhamnolipid on the viscosity of the oil and aqueous phases, 2.0 ml of 0.1% (w/v) crude rhamnolipid was used to emulsify 6 ml of palm oil and deionized water. The viscosity of these emulsified samples was measured using a standard viscometer (Brookfield) at 32.5 o C. Un-emulsified palm oil and deionized water were used as the controls.
Statistical Design of Experiments
In order to screen the carbon and nitrogen sources with significant effect on biosurfactant production by P. aeruginosa NITT6L, Placket-Burman (PB) design was used. To optimize and to study the effects of significant variables, a four variable-five level Central Composite Design was used.
Screening of Nutrients Using Plackett-Burman Design
Eleven carbon and nitrogen sources were selected and screened using PB design for the production of biosurfactant from the air isolate. This design allows for the evaluation of X-1 variables by X experiments. X must be a multiple of 4 (e.g., 8, 12, 16, 20, 24 , etc.) [37] . In this work, 12 experiments were performed and the experiment was designed and analyzed using Design Expert software ver. 8.0.7.1. Here, each column represents the combinations and rows represent the variables (carbon source/ nitrogen source). The nutrients are taken at two levels (lower and higher). The lower level in the design is represented as '-1' and the high level as '+1'. The carbon and nitrogen sources with significant effect on biosurfactant production were selected and the percentage contribution was calculated from the experimental result. The nutrient with the highest t-value, positive coefficient, and percentage contribution was considered as the best one.
Optimization of Suitable Carbon Source
Eleven carbon sources such as diesel, fructose, glycerol, glucose, palm oil, paraffin oil, rice bran oil, boiled rice water, starch, sucrose, and used frying oil were added to the production medium in separate flasks, as per the PB design, while keeping other components at the same composition. Table 1 shows the PB design for screening the carbon source for rhamnolipid production. The low and high levels were chosen as 0% and 2% (w/v or v/v), respectively. Sterilized carbon sources were added separately to 100 ml of the above medium and the pH was adjusted to 7.0. The flasks were inoculated with an overnight broth culture and they were incubated at 37 o C, 150 rpm for 72 h. The cells were then removed by centrifugation at 10,000 rpm for 20 min and the recovered supernatant was used for rhamnolipid yield analysis.
Optimization of Suitable Nitrogen Source
Eleven nitrogen sources, namely, ammonium chloride, ammonium sulfate, beef extract, green gram flour, horse gram flour, malt extract, potassium nitrate, peptone, sodium nitrate, urea, and yeast extract, were added to the production medium in separate flasks as per the PB design with 2% (w/v) glucose, while keeping other components at the same composition. Table 2 shows the PB design for screening the nitrogen source for rhamnolipid production. The low and high levels were chosen as 0 and 2.5 g/l, respectively. Again, sterilized glucose was added separately to 100 ml of the above medium and the pH was adjusted to 7.0. The flasks were inoculated with an overnight broth culture and they were incubated at 37 o C, 150 rpm for 72 h. The cells were then removed by centrifugation at 10,000 rpm for 20 min and the recovered supernatant was used for rhamnolipid yield analysis.
Determination of Biosurfactant (Rhamnolipid) Yield
First, 0.5 ml of culture supernatant was extracted with 1 ml of a chloroform:methanol mixture (2:1 (v/v)). The organic phase was evaporated and 0.5 ml of deionized H 2 O was added. Rhamnolipid yield was expressed in terms of rhamnose concentration in mg/ml. The rhamnose concentration was calculated from standard curves prepared with L-rhamnose (0-100 mg/l) using the phenol-sulfuric acid method [42] . The rhamnose concentration attained in each run of the PB design was tabulated in Tables 1 and 2 .
Central Composite Design and Response Surface Methodology
In order to optimize the media components for rhamnolipid production by P. aeruginosa NITT6L, a 2 4 full-factorial central composite was designed for four variables with each variable at five levels using Design Expert software. The coded variables selected for this study include glucose and sodium nitrate, which were screened from PB design along with magnesium sulfate and ferrous sulfate. As evident from the literature, Mg and Fe ions were found to have effect on the biosurfactant production by several microorganisms [30] . Hence magnesium sulfate and ferrous sulfate were included in this study. The coded and uncoded values of the variables at various levels are given in Table 3 . The zero levels (central values) chosen were 30 g/l for glucose, 6.50 g/l for sodium nitrate, 0.3 g/l for MgSO 4 , and 5.5 mg/l for FeSO 4 . The relation between the coded values and actual values is [44] where X i is the coded independent variable, x i is the actual independent variable, x 0 is the actual independent variable on the center point, and ∆x i is the step change. The CCD design is shown in Table 4 , which consists of 30 experiments with six center points. Central level experiments (0, 0, 0, 0) of the design were repeated for six times for the estimation of the experimental error. All experimental runs were performed in a randomized order to decrease the influence of unexpected variability in the observed response due to extraneous factors [11] . Different regression models (linear, two factorial, quadratic, cubic) were developed based on these data. According to analysis of variance (ANOVA), the best model was selected by removing insignificant factors and interactions. In each subsequent step, the least significant variable in the model was removed until all remaining variables had attained individual P-values smaller than 0.05. The model was evaluated using multiple regression analysis (95% significance level). Each of these regression coefficients represent the coefficients of the variables in the polynomial equation, which is then used to predict the rhamnose concentration. These coefficients are indicative of the effect of various factors on the response variable. The final regresion model was obtained as
where Y is the predicted response, β 0 is the offset term, β i is the linear offset, β ii is the squared offset, β ij is the interaction effect, and x i is the dimensionless coded value of variables.
Results and Discussion
Screening of Biosurfactant Producer
Among all selected strains, an efficient air isolate was selected for this study based on the biosurfactant activity assays as explained earlier. The strain was capable of reducing the surface tension of the medium to below 45 mN/m and displacing diesel and petrol with a higher diameter after 72 h of incubation. In the drop-collapsing test, a flat drop was observed, and in the oil displacement method, a clear halo was observed. The strain formed stable emulsion with palm oil and rice bran oil. The isolate was also found to possess lipase activity. The screening results are tabulated in Table 5 .
Identification of Biosurfactant Producer
The isolated strain NITT6L formed circular, mucoid, wet colonies on nutrient agar at 37 o C and produced a diffusible green-colored fluorescent pigment in nutrient media. The 16S rDNA sequence of NITT6L was sequenced Table 3 . Experimental range of the variables studied using CCD in terms of coded and actual factors.
Variables
Coded levels and deposited in the NCBI database under the GenBank accession number KF233884. BLASTN analysis of the 16S rRNA sequence showed that it was 100% identical to the 16S rRNA sequence of Pseudomonas aeruginosa strain PAO1 (Accession No. NR_074828). GC-FAME analysis identified the organism to be Pseudomonas aeruginosa with 0.92 Sim Index using the RTSBA 6 library of the MIDI Sherlock microbial identification system. Based on morphological, biochemical, 16S rRNA sequencing, and GC-FAME analyses, the pure isolate was identified and classified as P. aeruginosa NITT6L. Table 5 . Results of screening of the strain NITT6L for biosurfactant production.
Screening Tests Results
Hemolytic activity
Drop-collapse test
Oil displacement test 
Extraction of Crude Biosurfactant
Crude biosurfactant was extracted from supernatant of 72 h grown culture. The crude biosurfactant sample appeared as a sticky brown residue with a fruity odor.
Biosurfactant Characterization
The glycosidic nature of the compound was ascertained by violet coloration produced in Molisch's test. A positive rhamnose test confirmed the presence of rhamnose sugar in the extracted biosurfactant. Formation of precipitation lines between the wells containing culture supernatant and CTAB indicated the anionic nature of the biosurfactant. A dark blue precipitate in blue agar plates containing CTAB and methylene blue confirmed the glycolipid nature of the biosurfactant (Fig. 1) . Finally, the FT-IR analysis revealed that the biosurfactant was a rhamnolipid. Fig. 2 and Table 6 show the FT-IR spectrum of extracted biosurfactant and its signal assignment, respectively. Fig. 3 depicts the chemical structure of first isolated rhamnolipid [1] .
Thermal and pH Stabilities
Thermal stability analysis revealed that the produced rhamnolipid was thermally stable even at high temperature, whereas its activity was affected with changes in pH. These changes in activity occurred probably as a result of alteration in the surfactant structure. Figs. 4 and 5 show the thermal and pH stability studies of rhamnolipid.
Effect of Rhamnolipid on the Viscosity of Oil and Aqueous Phases
As evident from Table 7 , addition of rhamnolipid did not have any effect on the viscosity of the aqueous phase, whereas a significant reduction in the viscosity of oil of about 45.6% was observed. Tables 8 and 9 give the effect, coefficient estimate, sum of squares, and percentage contribution of each carbon and nitrogen source under study. Percentage contribution for glucose was found to be higher (39.05) with a positive coefficient (0.14). Palm oil was found to be second in order. Figs. 6 and 7 show the Pareto chart and half-normal plot for selection of significant carbon sources. The rank of significant carbon sources was graphically displayed by the Pareto chart based on the t-value, whereas the halfnormal plot shows the significant carbon sources at the right side of the plot.
Plackett-Burman Design: Screening of Significant Carbon and Nitrogen Sources
Glucose, being a simple and miscible carbon source, was easily taken by the microbe for synthesis of rhamnolipids. Several authors have successfully used glucose as the carbon source for rhamnolipid production [8, 33, 42] . Palm oil was the next significant carbon source according to the present study. There are numerous reports regarding the ability of P. aeruginosa to produce biosurfactants using different vegetable oils and therefore serve as potential substrate for rhamnolipid production [18, 21, 22, 31, 32, 39, 45] . The tendency of Pseudomonas strains to utilize oils greatly relies on its lipase activity that facilitates assimilation of fatty acids contained in vegetable oil fractions and form longchain fatty acids (LCFA). The LCFA are then β-oxidized to maintain cellular growth or transformed into lipid precursor for rhamnolipid biosynthesis [21] Table 8 . Statistical analysis of carbon sources for rhamnolipid production, using PB design. Table 9 . Statistical analysis of nitrogen sources for rhamnolipid production, using PB design. Figs. 8 and 9 show the Pareto chart and half-normal plot for determining the significant nitrogen sources considered in the present study. Similar analysis showed that sodium nitrate was the most significant and effective nitrogen source in the production of rhamnolipids by P. aeruginosa. This is in agreement with other reports available in the literature. Other works in the literature also suggested that maximum biosurfactant production by P. aeruginosa was achieved using sodium nitrate as the sole nitrogen source [2, 7, 13, 17, 28, 32, 34] . Even with the help of the PB design approach, sodium nitrate proved to be a superior nitrogen source when compared with others. Moreover, it was evident that ammonium chloride and urea were least significant nitrogen sources for rhamnolipid production by P. aeruginosa NITT6L.
Optimization of Production Media for Rhamnolipid Production by P. aeruginosa NITT6L
Central composite design is a useful tool to find the optimum level of media components and helpful in studying the interaction between them. The results of CCD treatments with different media composition are presented in Table 4 Statistical testing was performed using the Fisher F-test for ANOVA. The Student t-test and p values are listed in Table 10 . A model F-value of 126.25 implies that the model is significant and is well-fitted for optimization of rhamnolipid production. There was only a 0.01% chance that a "Model F-Value" can be large owing to noise. The larger the magnitude of the t-value and smaller the p-value, the more significant is the corresponding coefficient. Thus, the model terms are significant if the values of "Prob > F" is less than 0.0500. Adequate precision measures the signal-to-noise ratio. A ratio greater than 4 is desirable. Hence, a ratio of 48.642 indicates an adequate signal (Table 11) . Therefore, this model can be used to navigate the design space. The P-value and F-value are used as tools to check the significance of each studied variable and their interactions. The F-value indicated that the concentrations of glucose and magnesium have more effect in the surfactant production. The interaction between sodium nitrate and magnesium sulfate and A 2 C cubic term of glucose concentration and magnesium sulfate were found to be highly significant. The P-value indicated that both linear and quadratic effects of all variables are significant. The parity plot (Fig. 10) showed a satisfactory correlation between the actual (experimental) and predicted values, wherein the point clustered around the diagonal line indicates the good fit of the model. Response surface graphs of the most efficient run are shown in Figs. 11-16 . Fig. 11 depicts the effect of glucose and sodium nitrate concentrations on rhamnolipid production with both magnesium sulfate and ferrous sulfate concentrations fixed at level -1 (coded). The best response was at the highest carbon source concentration and the lowest nitrogen source concentration, which implies that the production medium with high concentration of glucose and low concentration of sodium nitrate favors rhamnolipid production by the strain. From the literature, it was well understood that rhamnolipid production by Pseudomonas sp. increases during nitrogen limitation in culture medium [13, 23, 32, 36] . With reduced levels of nitrogen, bacterial growth gets limited, thus favoring production of metabolites, whereas with excess nitrogen source, the substrate will be directed toward cellular growth, limiting the accumulation of the product.
The C/N ratio is an important factor affecting the yield of rhamnolipid. Rhamnolipids production by Pseudomonas aeruginosa using glycerol as carbon source demonstrated that the best result was achieved for a C/N ratio of 12.24 [36] , which was closer to the value of C/N ratio obtained in this study (i.e, 11.43). Fig. 12 indicates the effect of glucose and magnesium concentration on rhamnose concentration with both sodium nitrate and ferrous sulfate concentrations set at level -1 (coded). The maximum response was at a higher concentration of glucose and lower concentration of magnesium sulfate. Fig. 13 displays the effect of glucose and ferrous sulfate concentration on rhamnose concentration with both sodium nitrate and magnesium sulfate concentrations set at level -1 (coded). The maximum response was at a higher concentration of glucose and lower concentration of ferrous sulfate. Several authors pinpoint that a lower concentration of Mg 2+ and Fe 2+ ions or their limitation in media are beneficial for enhancing rhamnolipid production by Pseudomonas sp. [23] . Therefore, from this analysis, it could be emphasized that all four factors of this study have direct influence on rhamnolipid production by the isolate. Based on these results, the optimum values were found to be 40 g/l glucose, 3.5 g/l sodium nitrate, 0.2 g/l magnesium sulfate, and 3 mg/l FeSO 4 , which resulted in achieving a rhamnose concentration of 1.36 mg/ml. The rhamnose yield obtained with this optimized media using CCD is nearly 15 times higher compared with unoptimized media (0.088 mg/ml of rhamnose yield). The rhamnolipid concentration was calculated by multiplying the rhamnose yield by a coefficient of 3.4, obtained from the correlation of pure rhamnolipids/ rhamnose (1.0 mg of rhamnose corresponds approximately to 3.4 mg of rhamnolipids) [3] . Therefore, the rhamnolipid yield obtained by cultivation of P. aeruginosa NITT6L in optimized medium was about 4.6 mg/ml.
Biosurfactants are increasingly gaining attention for their ecological acceptability, low toxicity, and biodegradability. Hence, the need for newer biosurfactants with improved characteristics is increasing and this requires screening newer strains and species with biosurfactant production capabilities. This work resulted in the isolation of a novel air isolate, Pseudomonas aeruginosa NITT6L, which produced a biosurfactant characterized as a rhamnolipid. The rhamnolipid was found to be thermostable in a wide range of temperature, with a significant ability to reduce the viscosity of the oil phase and capable of forming stable emulsions with oil. These characteristics warrant its application in enhanced oil recovery and bioremediation operations. Experimental design and subsequent analysis allowed the determination of the optimal medium composition for increased rhamnolipid yield.
Our future work will focus on investigating the influence of various bioprocess parameters like aeration and agitation on rhamnolipid yield, understanding the kinetics of rhamnolipid production, and carrying out scale-up studies in a lab-scale fermenter using the optimized medium under controlled conditions for further improvement of the rhamnolipid yield.
